Abstract: The purpose of this study is to determine the relationship between lifestyle and change of cardiovascular risk factors based on a five-year follow up. The subjects were 307 employees participating in annual health check-ups in Tokyo, Japan from 1998 to 2003. Personal health checkup data were collected on their systolic/diastolic blood pressure (SBP/DBP), serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), fasting serum glucose (FSG), uric acid (UA), body mass index (BMI), questionnaire on medication history and Breslow's lifestyle. Over five years, cardiovascular risk factors such as SBP/DBP, TC, TG, FBG, UA and BMI have become worse; however, some of these risk factors were significantly different after 5 yr among lifestyle groups. TG in the poor lifestyle group was significantly higher than in good or moderate lifestyle groups after adjusting for age in men. In women, SBP and BMI in poor lifestyle group were significantly higher than those in good or moderate lifestyle groups after adjusting for age and baseline values. These results show that aging is the major influencing factor of cardiovascular risk factor deterioration. At the same time, lifestyle conditions are related to changes in some cardiovascular risk factors among Japanese employees.
Introduction
In Japan, the morbidity and mortality of cardiovascular diseases are the second highest after those of malignant neoplasm. It was reported that cardiovascular diseases accounted for 14.5% of all deaths in 2005 1) . It is well known that cardiovascular diseases develop from cardiovascular risk factors such as obesity, hyperglycemia, hypertension and hyperlipidemia [2] [3] [4] [5] [6] . These risk factors are also called lifestyle-related diseases or metabolic syndrome, and their correlation with various lifestyles has been reported by numerous studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In addition to lifestyle, cardiovascular risk factors are related to aging. In previous studies, the association of cardiovascular risk factors with aging has been reported [17] [18] [19] [20] . These risk factors are also the major causes of death from cardiovascular diseases in Japanese occupational groups 21, 22) . To prevent the increased incidence of cardiovascular diseases in these populations, it is important to examine the correlation between lifestyles and risk factors with aging. Compared with a long-term longitudinal study in communities 10, [14] [15] [16] , few studies have been conducted in the workplace 7) ; therefore, it remains unclear whether the lifestyles of Japanese employees are associated with the changes of cardiovascular risk factors in the long-term, particular over a five-year longitudinal study. The purpose of our study is to determine the relationship between lifestyle and changes of cardiovascular risk factors during five-year follow-up.
Subjects and Methods
A prospective cohort study design was employed in this study in the workplace setting. Employees aged 20-64 yr, (n=428; 287 men and 141 women), participating in annual health check-ups at a chemical manufacturer in Tokyo, Japan in 1998, were recruited for this study. In this epidemiological study, subjects' identities were anonymous and unlinked to the data, as described in the Ethical Guidelines for Epidemiological Research 23) , and this study was approved by the Dokkyo University School of Medicine Ethics Committee.
All serum samples were collected in the fasting state. Serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), fasting serum glucose (FSG) and uric acid (UA) were measured at the Association of Preventive Medicine in Japan (Tokyo). Systolic and diastolic blood pressure (SBP/DBP), height and body weight were measured using an auto-manometer and scales, respectively, under the control of a nurse. Body Mass Index (BMI) was calculated as body weight (kg) divided by the square of height (m 2 ). All subjects were asked to fill out a questionnaire including medication conditions and Breslow's lifestyle 24) . Breslow's lifestyle was determined through 7 items, sleeping patterns (not sleeping 7-8 h per day =0; sleeping 7-8 h per day =1), smoking status (smoking =0; not smoking =1), eating breakfast (not every morning =0; every morning =1), alcohol consumption (every day =0; not every day =1), physical exercise (once a week or less =0; twice a week or more =1), having a snack between meals (yes =0; no =1) and maintaining proper weight (no =0; yes =1).
Of 428 employees, 91 were not available. The main cause of missing data was retirement. Thirty employees taking medication were excluded. The main diseases requiring medication were myocardial infarction, hypertension, hyperlipemia, hyperuricemia and fatty liver. Thus, the remaining 307 employees completed the health check-ups and a questionnaire, and data from 1998 through 2003 were analyzed.
The continuous variables of health check-ups and binary variables of lifestyle between women and men at the baseline were evaluated by Student's t-test and chi-square test, respectively. As for lifestyle, three lifestyle groups were established based on Breslow's lifestyle scores: good (6 or 7), moderate (4 or 5) and poor (≤3). The difference of variables after 5 yr among the three lifestyle groups was assessed by age-adjusted ANCOVA and Tukey's test. The statistical software package SPSS 13.0 for Windows (SPSS Japan Inc, Tokyo, Japan) was used for all statistical analysis.
Results
Of 307 subjects, 224 (73.0%) were male. The average age of all subjects was 34.5 yr (range 20-57) in 1998. A summary of the characteristics of each variable at the baseline is shown in Table 1 . There was a significant difference in body weight, BMI, SBP, DBP, TG, HDL-C, FSG and UA level between women and men. Compared with women, men had a significantly lower frequency of not smoking, not drinking alcohol every day, and eating breakfast every morning, but a higher frequency of physical exercise and maintaining proper weight. There were no significant differences between women and men in their sleeping pattern and having a snack between meals.
Although it is not shown in the Tables, the mean BMI, SBP, DBP, TC, HDL-C, FSG and UA level using all subjects significantly increased in 2003, with the exception of the TG level. Table 2 shows the change of cardiovascular risk factors in the three lifestyles groups in men. After five years, HDL-C level increased in all groups; however, there was no significant difference. BMI, SBP, TC, TG, FSG and UA level became worse in all lifestyle groups in 2003, except for DBP level in the good lifestyle group. There was a significant difference in TG level (F=6.023, p<0.01) adjusted for age among the three lifestyle groups, and TG level in good and moderate lifestyle groups were significantly lower than in the poor group. Table 3 shows the change of cardiovascular risk factors in the three lifestyle group in women. After five years there was a decreased trend in SBP level in the good lifestyle group, and in BMI level in good and moderate lifestyle groups. There was a significant difference in SBP level (F=6.145, p<0.05) and BMI (F=6.229, p<0.01) adjusted for age among the three lifestyle groups. These significance were maintained even after adjusting for baseline values (data not shown).
Discussion
The results of this long-term longitudinal study showed that almost all variables in workplace participants deteriorated over five years. The age-related deterioration of cardiovascular risk factors such as blood pressure, serum lipid and BMI were reported by previous large scale epidemiological studies in the general Japanese population [17] [18] [19] [20] . We followed the subjects for 5 yr so the deterioration of cardiovascular risk factors in this study may mostly be due to aging.
However, we found that some variables such as TG level in men and SBP and BMI levels in women after 5 yr were lower in good or moderate lifestyle groups than in the poor lifestyle group after adjusting for age. Deterioration of SBP and BMI were greatest in the poor lifestyle group even after adjusting for baseline values. The association between the lifestyle level and changes of cardiovascular risk factors found in this study is consistent with many previous studies 3, 8, 17, 18, [25] [26] [27] . Thus, lifestyle has an impact on changes of cardiovascular risk factors, except for aging, in the long-term.
The deterioration of cardiovascular risk factors in women was smaller than in men. In general, the cardiovascular risk profile in men is worse than women 28, 29) and it was reported that the morbidity and mortality of cardiovascular disease are greater in Japan 1) . Female employees in this study had a better lifestyle than male employees except for physical exercise and proper weight at the baseline, and they can maintain their desired lifestyle; however, it was suggested that lifestyle also played an important role in the change of cardiovascular risk factors from the finding of this study.
The strengths of this study include its relatively large sample of healthy employees in one workplace setting and the completion of long-term follow-up. The limitations include that lifestyle changes were not analyzed during the five-year follow-up, and Breslow's 7-item lifestyle does not represent a person's whole lifestyle. Unfortunately, as 91 employees retired during the follow-up period, we lost their health check-up data and the reliability and validity of this result may be impacted.
In conclusion, together with the influence of aging, lifestyle is related to the changes of some cardiovascular risk factors in Japanese employees. This study also suggests that the possibility of maintenance of a good lifestyle over a longterm may reduce the deterioration of cardiovascular risk factors in workplace settings.
